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FOREWORD 

This research and writing is a part of a major project on 

selected topics on the history of Calaveras County, and was author-

ized and made possible in 1979 by a Federal grant through the 

National Endowment for the Humanities. Application for this 

project was made by the Calaveras Heritage Council, a non-profit 

foundation in San Andreas, California. The findings and conclus­

ions given here do not necessarily -reflect the views of the spon­

soring organizations; we take pride, however, in making these 
• . ' 

observations available. No ~eproduction of this material may be 

done without prior authorization by the Calaveras Heritage Coun­

cil. The following text is a preliminary draft made available by 

the Council for an extension course in the Geology of the Mother 

Lode, given, by Columbia Community College. It is hoped that a 

more complete and permanent publication of this study will be 

made in the near future. 

Of all residents of Calaveras County, Willard Fuller is 

certainly the most qualified for this autho~ship. For the past 

twenty-five years he has been geologist for the Calaveras Cement 

Company and in recent years a consultant for many of the operations 

of the parent company (Flintkote) throughout the country. He 

has been for the past three years an active member of the Calif­

ornia State _Mining & Geology Board. For some five years he has 

been part of a teaching team on ''Geology of the Mother Lode", 

a popular lecture and field course given each year in Calaveras 

County under the sponsorship of Columbia Community College. He 

has served as editor for seventeen years for "Las Calaveras", 

the quarterly bulletin of the Calaveras County Historical Society. 

Mr. Fuller is a native of Massachusetts, graduating from Harvard 

College in geology and taking his Master of Science degree at the 

California Institute of Technology. His specialty has been econ­

omic geology and one of his favorite subjects is gold mining of 

the Mother Lode. 

San Andreas, California 

March 8, 1980 

Milton B. Smith, Chairman 

Calaveras Heritage Council 



Author's Note 

As stated in the Foreword, this study was 
sponsored by the Calaveras Heritage Council, 
and was made available for the use of the 
Columbia Community College extension course 
in the geology of the Mother Lode. The intro­
duction was added in 1982 iri order to make 
the text more useful to the Geology course. 
Further revisions to the text, mostly of a 
minor nature, were made in 1985 and subseq­
uently. No reproduction of the basic text 
may be made without prior authorization of 
the Calaveras Heritage Council. 

Willard P. Fuller, Jr. 
San Andreas 

January 1988 

Reprint edition of March, 1992 
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INTRO DUCT I O .N 

This brief treatise on the geologic ·background of ­

Calav~ras County, as well as that of its Sierran neighbors, 

is fairly non-technical. Yet it does presume for the reader 

a general understanding of and acceptance of the principl~s 

of geological .. science. For the venturesome but geologi~ally 

uninitiated explorer into the fascinating secrets of geology, 

I have set forth here, all too briefly, an outline of the 

most important of these principles and processes. A few 

selected references for further reading are also included, 

with the understanding that other references might do as well, 

but that these are among the most accessible and pertinent to 

our locality. ·It is hoped that this short outline also will 

serve as a refresher to those more · knowledgeable readers who 

may be a bit rusty as to their own geological background. 

Geologic Time 

It should always be kept in mind that geologic processes 

have almost unlimited time in ' which to achieve the results 

we see today. Figure 1 in the t ext sets forth the time nomen­

clature adopted by scientists and shows the tremendous time 

intervals involved. The major "Eras" - Precambrian, Paleo­

zoic, Mesozoic, and Cenozoic - are subdivided into "Periods." 

These again are sometimes further subdivided into "Epochs." 

Although Planet Earth is believed to be more than four billion 

years old, most of the geology with which we are concerned is 

merely that of the last three hundred million years or so, or 

less than the last tenth of the Earth's history. 

Rocks and Minerals 

Minerals are distinct ioorganic species, occurring in 

nature; for example, some common minerals are quartz, feld­
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spar, mica, amphibole, pyroxene, clay, hematite, limonite, 

gypsum, pyrite, galena, chalcopyrite and others. Minerals 

crystallize in well-defined systems and habits and may be 

precisely identified by a number of technical methods. 

Rocks, on the other hand, are quite heterogeneous, being 

aggregates of one or mo~e minerals, and show almost infinite 

variation. One-mineral rocks include gypsum, salt and lime­

stone, although even · these generally contain traces or minor 

amounts of other minerals . Most rocks, however, are aggregates 

of a number of ~m~nerals. For example, granite ·is a mixture of 

quartz, orthoclase and plagioclase feldspars, and lessor amounts 

of other minerals such as mica, pyroxene, amphibole, as well as 

tiny accessory minerals such as apatite, magnetite, and others. 

Probably the extreme case of the heterogeneous rock is con­

glomerate. 

We classify rocks broadly into three main categories, 

depending upon their orig i n. These intlude ~gneous rocks = 

which were solidified from molten material, sedimentary rocks 

that were laid down by water or air in layers, and metamorphic ( 

rocks which are pre-esisting rocks that have been recrystall-

ized because of high pressure and temperature. 

Igneous Rocks 

Rocks that have bee~ solidified or crystallized from 

molten material or magma are called igneous. The magma is 

pre-existing rock that has been melted by localized increases 

in Earth temperatures. If a body of magma crystallizes slowly 

far below the surface of the ground, it becomes a coa~se­

grained granite, grano-diorite, quartz diorite, diorite, or 

ga~bro, dep~nding upon the actual chemical composition of the 

melt. In fact, an almost infinite yariety of igneous rocks 

exists, through the ~range from granite to gabbro. - It is a 

characteristic of igneous rocks, however, tha~ rock crystall­

ized from any one magma will be remarkably uniform through­

out, showing that the mixing in the magma chamber is very 

thorough. 

When molten magma r~a~hes the surface, the material 
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becomes flowing lava. Or it may be blown out of volcanoes 

as ash, cinders, pumice fragments or bombs, to form tuff 

beds and other fragmental elastic rocks, or even muddy mix­

tures that created the spectacular mud flows or lahars of 

the Sierra Nevada. 

Sedimentary Rocks 

Fragmental materials such as gravel, sand, silt, clay, 

and volcanic debris, which are laid down in water (and some­

times in air), are called sedimentary rocks because they 

originate as sediments. These include conglomerate, sand­

stone, siltstone, shale, clay, tuff beds, and other varieties. 

Also certain rocks that owe their formation to the chemical 

substances in bodies of water-, such as many limestones, gyp­

sum and anhydrite, salt (halite), apd potash, are also con­

sidered sedimentary. 

Fossils are generally found only in sedimentary rocks. 

Fossils tell us much of the environment in which sedimentary 

rocks were formed. They may have been laid do~n by rivers 

on dry land, or deposited in fresh water. Such rocks are 

called continental sediments. Or they may be of marine origin, 

that is, formed in bodies of salt water. Waves, currents, 

aquatic life, and chemicals in sea water are the most import­

ant of the agents of marine deposition. 

When sediments are first deposited, they are soft and 

unconsolidated. Over geologic tlme these soft materials 

become lithified, that · is,turned into true rock. This is 

effected either by pressure and compaction, by cementation 

with chemicals contained in the ground water, by recrystall­

ization of minerals in the sediments, or generally ·by a 

combination of these agencies. 

One of the most important things to remember about 

sedimentary rocks is that they were almost always laid down 

as flat layers or beds, and except for certain continental 

deposits, were formed near or below sea level. One of the 

most favorable environments · for the fonmation of this class 

of rocks has existed in shallow, intercontinental seas. 
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Metamorphic Rocks 

Any rocks, regardless of the mode of their origin, may 

eventually be subj~cted to the proces~ of metamorphism. This 

changes them by the forces of temperature and pressure into 

denser, ' tougher, and more coarsely-crystalline rocks. The 

pressure can come merely from the burial of the rocks by 

younger sediments, or from mountain-building forces, or more 

often from both. Similarly, elevated temperatures may be 

caused by just burial and the acquisition of the body heat 

of the Earth, or from more localized heat associated with ­

igneous intrusion, or generally from both of these causes 

acting together. Sometimes the process of recrystallization 

has been aided by the introduction of aqueous solutions con­

taining chemical "mineralizers." 

In the process of metamorphism, sandstones have been 

changed to quartzites, siltstones . and shales into phyllites, 

mica schists or slates, limestones into marbles, granites 

into gneisses, basaltic lavas into greenstones, and other 

rocks into their crystalline equivalents. 

Metamorphism can be mild and low in grade, or it can 

be intense or high-grade. Different minerals have been 

formed from similar original rocks in the different metamor­

phic zones. For example, in the foothills of the Sierras 

the rocks are in a lower grade metamorphic zone than are the 

rocks exposed on the higher slopes of the range above the 

Mother Lode. 

Common minerals that were formed in the metamorphic 

rocks include in addition to the ubiquitous quartz, calcite, 

feldspar, ·hornblende and pyroxene, such minerals as muscov­

ite, and biotite mica, chlorite, serpentine, tremolite, 

actinolite, garnet, ep; d9te and a host of : others. 

Weathering __ _ 

A very ~mportant though most unspectacular geologic 

process is weathering. This is simply the "rusting and 

rotting away" of the rocks near the surface of the ground, 

and is a process that we can easily observe today, occurring 

everywhere on the l~nd surface 6f the Earth. Weathering 

viii 

c· 

( 

( 



is caused, basically, by chemical, physical, and biological 

processes. 

Chemical Weathering - Rain, surface water, and under­

ground water acquire acids from the atmosphere, from leaching 

the ground, and from the decomposition of the flora and fauna. 
These acids, with water and with oxygen and nitrogen from the 

atmosphere and from .decaying vegetation, act on the fresh 

rocks to break down the crystalline minerals into less complex 

ones that are more amenable to further disintegration. Com­

plex minerals like feldspars are recrystallized into simpler 

minerals, generally with a higher oxygen content, such as 

kaolin, calcite, gypsum and limonite, with som~ soluable 

products left over which are carried away by the ground water. 

The green and gray minerals of the fresh rock are oxidized 

to the red, orange, and brown minerals so obvious in the 

roadcuts and wherever excavations are made into the ground. 
,·· 

Physical Weathering - As the original minerals are 

changed to new and weaker · minerals, and portions of the rock 

dissolved away, the weathered material becomes weak and is 

easily broken apart by a variety of· ·physical ~orces. The 

principal ones of these are gravity, the action of running 

water, rain drops, freezing and thawing~ and the activity of 

plants and animals, all of which join in the physical destruct­

ion of the once strong rock. These physical forces are 

discussed further in the section on erosion, a process depend-
., 

ent upon weathering. 

Biological Weathering - Trees and plants put down roots 

that break up the weathered rock. Animals dig burrows, and 
. -

worms literally chew up the weathered rock near the surface, 
. . . 

Microbes continue the physical and chemical breakdown and 
' -

make certain mineral substances available to ·: the plants. 

Thus soil formation is the final stage of weathering, and 

inc'i.udes the addition of humus or organic matter. 

We can now better visualise how the rocks at and near 

the surf ace of the ground ever·ywhere are "rusting and 

rotting away." This prepares the ground f~r the next basic 

geologic process, which is erosion. 
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Erosion 

The water from precipitation (rain and snow) is partly 

absorbed into the weathered zone and partly runs downhill 
over the surface of the ground as slope wash into the gullies 

and ravines. This run-off of surface water is one of the 
principal agents of slope erosion, combining with gravity to 

do its work. Soil, and often some of: 'the deeply-weathered 

rock just below, is washed down into the draws and ravines 

and then farther down into the river canyons. Landslides, 

mudflows, and arroyo-cutting, as well as the solution of 

chemically-formed rocks such as limestone and gypsum, are 

also part of this process. Other agents include windi ·ice, 
and wave action. The rivers themselves, with their beds of 
gravel and sand for tools, cut great canyons through the 

hardest fresh rock, and this enormous erosive power is respons­

ible for the great Sierra canyons we see today. 

Erosion is an uneven process, with the easily-weathered 

and softer rocks being eroded faster than the harder, more 

resistant types. But no rocks are immune from the irresistible 

forces of weathering and erosion. In order to better com­

prehend erosion, we must consider how rivers form and exist, 
and how they cut their own valleys and carry the eroded debris 
away. 

Rivers and Transportation of Debris 

Running water is the principal _agent for the transporting 

of the limitless quantities of debris derived from the weath­

ering and erosion of surface rocks. When coupled with gravity, 

water becomes a very powerful force. As erosion proceeds, 

each stream system develops systematically. The headwaters 

are captured _by many little brooks and streams, each joining - __ ; ___ _ 
others downslope to become ever larger streams and eventually 
rivers, ultimately flowing to the ocean or to terrestrial 

basins (as they do in the deserts of the Great Basin). 

Let us try to visualize what happens to a land area that 
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has been uplifted into a mountainous block. Rain and snow 

provide large quantities of water which flow down the steep 

slopes and start developing an integrated drainage system. 

The forces of erosion and transportation of the river drain­

age system will then work constantly until they have worn 

this mountainou s area down to a ~early flat, featureless 

p~ain (peneplain), close to sea level. 

Typically, the grade or steepness of a stream is greatest 

in its uppermost reaches, a:nd it gradually becomes less steep 

downstream, reaching an alrnbst flat gradie~t at the ocean~ 

The steeper a stream gradient, the faster the stream will cut 

its bed down into the rock below, and the coarser the material 

that it will transport. Normally a stream valley will devel­

op in rock that is relatively soft and easy to erode. The 

harder and tougher rock, more reslstant to .erosion, will stand 

up as interstream ridges and divid~s~ Sometimes a stream cuts 

its valley through relatively soft rock, but then cuts through 

this into very hard rock below. But the immense cutting power 

of the stream will continue down-cutting its channel to pre­

serve its grade. We call this a superimposed stream. 

In the early stage of the erosion of this land area, 
~ 

the rivers and their upstream tributaries will cut sharp 

steep valleys and canyons. Slopes everywhere will become . 

steep. Individual streams by headward erosion will compete 

for larger drainage areas,' with the stronger and deeper ones 

pirating away such areas from the weaker streams. We call 

this the Youthful Stage of the Erosion Cycle. 

As erosion, dominated by the stream drainage, proceeds 

the hills are lowered and rounded, the valleys widened, a~d 

the stream gradients reduced. Then, the topography and 

drainage characteristics are said to be in the Mature Stage. 

Finally, the land is reduced to relatively lbw-lying topo­

graphy, and the - streams meander lazily on their way to the 

deltas. We refer to t~is as the Old Age of the Erosion Cycle. 
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Ideally, the mountain land mass that we have been dis­

cussing would be worn down by erosion to essentially a flat 

plain at sea level. Actually, most erosio~ cycles are not 
completed, but are interrupted at some stage by uplift, 

tilting, or mountain-building, and a new erosion cycle is 

initiated. - The streams are rejuvenated, cutting their 
valleys deeper, and proceeding again to vigorously erode the 

land. By studying the land forms we see today, we can read 

the history of recent erosion cycles. 

u·nconformi ties 

When sedimentation has occurred again, over an area 
that had been reduced to a low level and to mature or old 
age topography, the contact between the old land surface and 
the new overlying sedimentary rocks is called an unconformity. 
It represents_ a , relatively long period of geologic time or 

"hiatus" during W!'ich erosion was taking place. In some 

cases, the unconformity may exist between old, deformed, and 

often metamorphosed rocks which may be at various attitudes, 
but at some angle to the younger overlying beds. We call 

this a major unconformity, and an angular unconformity. 

In the case of a time interval between sedimentary formations 
where relatively little or no erosion has taken place, and 
where the bedding of t~e formations is still essentially 
parallel to the contact between them, the unconformity is 

referred to as a disconformity or a nonconformity. 

Igneous Intrusion 

We discussed briefly the types of igneous rocks found 

cropping out today on the surface of the Earth. We said 

that the more coarse-grained igneous rocks had been crystall­
ized slowly beneath the Earth's surface. This process of 
molten magma working up into the country rock is called in­
trusion. In some instances, the magma "eats" its way, or 

"stopes" out the surrounding rock to create a vaste body 
called a batholith or pluton that subsequently crystallizes. 

Sometimes magma, rather than stoping out large volumes, 
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forces itself upwards in cracks to form sills and dikes. 

These cryztallize faster and are therefore finer in grainsize. 

Generally, a major intrusive period has a long and . complex 

history, with more than one type of igneous rock being formed. 
. . 

One of the late stages of such a complex period is the form-

ation of pegmatites and "hydrothermal" mineral deposits, 

discussed later. 

Igneous Extrusion 

Often the molten magma reaches the surface of the Earth 

t-hrough an open i ng and extrudes to form volcanoes and related 

phenomena. Sometimes the opening is like a great pipe or 

circular vent, and the extruding or errupting magma forms 

lava flows, ash falls, and other materials with which the 

volcano is built up into a large mountain. Other times the 

lava extrudes from long cracks or fissures, often beneath 

the surface of the oceans. Explosions, very characteristic 

of certain types of volcanoes, serve to illustrate the 

tremendous geologic forces of heat and pressure that are 

present. 

Both intrusion and extrusion are related to major mountain-
' building action, and especially to plate tectonics, our next 

subjects. 

Mountain-Building 

The study of. geologic structures touches on all a~pects 

of geology and geological formation~. The most interesting 

part of this phase of the science is orogeny or the building 

of mountains. Uplift alone can cause mountains, but generally 

the process is much more complicated, involving the folding 

of the laye~ed sedimentary roc~s into anticlines and syn­

clines, the formation of great faults such as steep normal and 

reverse faults, or low-angle overthrust faults. Often ex­

tensive igneous intrusion and extrusion are associated with 
, . 

mountain-building, as well as metamorphism of the affected 

rocks. The immense quantities of energy that are released in 

mountain-building, both as temperature and as pressure, are 
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manifest in the results seen in the rocks outcropping today 

in mountainous areas. The most prob~ble agent for the trans- , 

mission of these colossal forces seems to be the action of 

mqving continental ,and oceanic plates, which we call "Plate 

Tectonicsu, our next subject. 

Plate Tectonics 

The similarity of the Atlantic coastlin~s of Europe­

Africa to those of North and Soutn America inspired Alfred 

Wegener, many years ago, to theorize that continents "drifted~ 

Although Wegener's theory was ignored and even ridiculed for 

many years, by the mid-20th century a mass of geological 

evidence began to be accumulated indicating that continents 

certainly have drifted and do drift today. In fact, they 

drift apart, or come together with one plate sliding under 
. . 

another, or they break up into several plates. The actual 

mechanism by which these plates move has been speculated 

upon but not yet positively determined. 

The study of plate tectonics has developed rapidly in 

the last three decades, and has probably been the most spec­

tacular advance in the science of geology since the work of 

the European geologists Demarest, Werner, and Hutton some 

two centuries ago. It has added immQasureably to the under­

standing of Earth magnetism, climatic . changes, earthquakes, 

the mechanics of orogeny, igneous intrusion and extrusion, 

metamorphism, formation of hydrothermal mineral deposits, 

geology of the ocean basins, as well as in other aspects of 

geological science. 

Although the details .~of the subject of plate tectonics 

·are beyond the scope of our present study, tbe, influence of 

th~ subduction action of th~ Pacific plate under the western 

margin of the ·Amerfcan- c~ntlnent has manifested itself- in 

the formati6n of the Sierra Nevada and more specifically in 

the Mother Lode and related structures and mineral deposits. 
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Surface Waters 

Although study of surface waters belongs more properly 

to geo . graphy than to geology, it is to the latter science 

that we must look for the origin and location of ice caps, 

glaciers, oceans, rivers and lakes 

The landscapes of the higher portions of the Sierra 

Nevada have been greatly modified by mountain glaciation. 

Continental glaciation (relate~ to the ice caps) did not 

extend down into California. The spectacular scenery in 

Yosemite National Park and similar scenery in our own 

county are due to the scourlng and quarrying effects of 

the mountain glaciers, of which only a couple of tiny vestiges 

are left. The vaste amounts of rock that were crushed and 

gr?und up by this action were partly left as moraines and 

till in the middle elevations of the range, and the finer 

debris was washed down the rivers and deposited _as large fans 

at the debouchment of the rivers onto the ~reat Valley. 

Nearly all the natural lakes and ponds of the county are 

the result of glacial action, and accordingly are located 

in the higher elevations. Occasionally one will come across 

a small pond caused by a landslide. But all our other lakes 

snd reservoirs are the result of man's activities - an inter­

esting, useful, but very. disturbing "geological" process 

that is making substantial changes in t~e landscape. 

When rain falls on the ground, some is absorbed into 

the ground and some runs off down the slopes, as we have 

pointed out above. During the earlier seasonal rains, much 

if not all of the rainfall may be absorbed into the ·dry 

soil. But as the moisture content builds up, the soil can 

absorb less water and so the run-off increases. Streams 

that were dry in the lute summer and early fall now begin to 

run again. Perennial streams that were reduced to a low 

flow now become full-fledged rivers again. Not only is the 

volume of water increased by the new inflow from run-off, 

but a lowered evaporation rate leaves more water to continue 

downstream. With the coming of spring and the end of the 

rainy season, and the onset of the hot, dry Sierran summer, 
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the streams again wither a way. The countryside then must 

depend upon that part of the winter's precipitation that 

has been stored in the ground as ground water . 

Ground Water 

Although it is a fact that is not really perceived by 

many people, any opening in the rocks below a certain depth 

beneath the surface is filled with water. This depth varies 

depending upon the topography and upon the type and condition 

of the rocks. The interface thus established between saturated 

rocks (below) and unsaturated tocks(above) is called the 

water table or level. Sometimes it is nearly flat or like 

a table, but generally it tends to have irregularities 

caused by variations in rock type and structure. The unsat­

urated zone between the water table and the surface of the 

ground is often referred to as the vadose zone and sometimes 

as the weathered zone (as that is where most of the weather­

ing takes place). ~aat part of the rain that is absorbed 

by the ground, through the action of gravity and capillarity 

descends down into the weathered rocks and finally into the 

tight cracks and pores of the unweathered rocks. This re­

charging of ground water during the wet season causes a 

rise in the water table. If the table in places actually 

reaches the surface, a spring or a flowing stream will result. 

Since the level of the ground water is higher in the 

hillSi2 and mountains than in the valleys, gravity forces the 

higher-standing water to flow underground down towards the 

lower areas, and eventually this water will find its way ~ nto 

the surface streams and out to the ocean. In the typicaliy 

hard and dense igneous and metamorphic rocks of the Sierras, 

this underground flow is very slow. It is facilitated by 

the joints and faults in the rocks, as well as sedimentary , 
beds ~f varying porosity and permeability. These features 

form a complex plumbing system which allows the underground 

water t·o flow. Thus, in the dry summer season, the ground­

water level tends to drop. Pumping from wells is another 
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man-produced process that has had far-reachin g effects on 

ground-water levels and that has upset normal patterns of 

the underground movement of water. 

Hydrothermal Mineralization 

A very specialized geologic process that has . had an 

important effect on Mother Lode geology is the formation of 

hydrothermal mineral deposits, in particular, the gold­

bearing quartz veins. The origin of the copper deposits can 

also be ascribed in part, at least, to hydrothermal mineral­

ization, although recent studies suggest a more complex 

origin. In the paragraph on igneus intrusion we mentioned 

that hydrothermal mineralization occurred in a late stag e of 

. an intrusive event. Metallic substances, perhaps melted out 

of the country-rock, seem to have been concentrated deepl y in 

the magma chamber along with water, gases, and other "mineral­

i zers." These solutions were very hot and under great press­

ure. As the magma above cooled and ~rystallized, it con­

tracted, and cracks and faults were formed in it and in the 

surrounding country-rock. Some of these tapped th~ mineral­

izing ~ources in the magma chamber, and these wor_ked upwards, 

sometimes dissolving out mineral matter, other ti~es deposit­

ing ore minerals and thus forming ore-bearing veins. These 
. . 

hot solutions and g ases also altered the country -rock outside 

the v ein walls, often t imes depositing ore minerals there as 

well as in the veins. Pegmatites, containing primaril y min­

erals such as quartz, feldspars, and mica, but sometimes un­

usual and rare minerals, are a t ype of hydrothermal vein. 

Eventually, as erosion exposes these mineral deposits, 

weathering takes place and crea~es different patterns and 

colors than occur in normal rock. Quartz veins . tend to have 

prominent outcrops. Deposits· rich in iron and copper miner­

als are deeply weathered at the surface, forming a heavil y 

ironstained outcrop called a "gossan," and the copper that 

is dissolved is reprecipitated. at the bottom of the weather­

ed zone near the water table. These metal-bearing mineral 

deposits will be described further in the text. 

Geologic Hazards 

No discussion of g eology is complete without mention of 
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earthquakes, landslides, vulcanism 1 and other phenomena that 

may endanger man. The three most serious hazards are described 

below. 

Earthquakes - These seismic events result primarily from 

fractures or faults that have responded to the build-up of 

underground stresses. Some earthquakes are more complex in 

origin and are related to plate movements and to igneous 

activity. Although California is very active seismically, we 
are fortunate in living in a relatively stable zone between 

the active faults along the eastern margin of the Sierran 

block and the active San Andreas fault and other faults in 

the Coast Ranges. 

Landslides - When rocks become deeply weathered in 

areas of moderate or steep slopes, and when the weathered 

zone becomes saturated with water, landslides may occur. 

Although locally conditions may be favorable for landslides 

in our area, generally it is a region of low danger from 

such a hazard. Man, however, can eause small-scale landslides 

by cutting poorly-engineered excavations that do not provide 

safeguards against this hazard. 

Vulcanism - The recent Mt. St. Helens episode has called 

our attention to the fact that vulcanism is still a hazard 

along the western margin of our continent. There does not 

seem to be any hazard of this category in our area. 
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THE GEOLOGIC BACKGROUND 

of 

CALAVERAS COUNTY 

There are a number of ways in which geology has exerted a 

strong influence on the histor i cal development of Calaveras County. 

This has included the distribution of the rock formations and the 

mineral deposits; the topography which owes its character to the 

underlying geology; and the ground-water conditions, drainage 

areas, and vegetation patterns. In order to understand the geol­

ogy that we see today, we must delve back into geologic history. 

A - A Brief Look at the Geologic History of the Western Slope 

of the Sierra Nevada 

Geologic history is deduced from the record that we read from 

the rocks. The oldest rocks that we find on the western Sierran 

slope in Calaveras are Paleozoic in age .. (See Geologic Time Scale 

on page 2). We also have the younger Mesozoic and Cenozoic (Tert­

iary) rocks in the area. Consequently, by studying these rocks, 

geologists have worked out the geologic history. We set the stage 

for our study of the geological background by describing their 

general findings. 

1 - Early to Middle Paleozoic Era 

We have on~y a fragmentary geological record of this 

long ago time. Recently, geologists have correlated highly meta­

morphosed rocks in our county with the Shoo Fly formation of the 

northern Sierra Nevada that are believed to have originated as 

sedimentary rocks in the Early to Mid-Paleozoic Era. 
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2 - Late-Paleozoic Era(Carboniferous & Permian Periods) 

By this part of the Era, there was extensive development 

of sedimentary rocks laid down in shallow inland seas. Muds, silts, 

and sands were the most ~bundant sediments, which aggregated thou­

sands of feet in thickness. There was also debris from coral is­

lands in a few locations. In addition, volcanic rocks were depos­

ited or extruded onto certain parts of the area, The Late-Paleo­
zoic rocks are referred to as the Calaveras formation. 

3 - Early Mesozoic (Triassic Period) 

There are no Triassic-age rocks in our immediate area. 

This means either that no sediments were accumulating here, or 

that if they had, the region was later uplifted and these newsed­

imentary rocks were subsequently eroded away. We are inclined 

towards the latter concept, as we do find Triassic sediments in 

a few localities in the Sierra Nevada. 

4 - Middle Mesozoic (Jurassic Period) 

This was the time of great sedimentation and vulcanism. 

Again, as in the late Paleozoic, many thousands of feet of sed­

iments were laid down in a ~hallow and slowly subsiding basin. 

Some gravels in the early stages, then muds, silts, and some silty 

sands accumulated. Interspersed with these were thick basaltic 

lava flows, many of subaequeous origin, that is, extruded under 

the sea,_ onto the ocean floor. The final sedimentation was mostly 

of clays or silty clays. 

5 - End of the Jurassic Period 

Near the ciose of the Jurassic Period, a tremendous geol­

ogical catyclysm occurred that resulted in the formation of a gi­

gantic mountain range, the ancestral Sierra Nevada. A great epoch 

of granitic intrusion was initiated, and the existing ro~ks were 
' 

metamorphosed by the high temperatures and great pressures involved. 

The thick Paleozoic muds and silts which had been lithified and 

highly folded and faulted, were turned into phyllites, schists, 

and slatest and the sandstones and limestones into quartzites and 

marbles. The Mesozoic lavas became tough, massive greenstones, and 

the accompanying sediments were converted to phyllites and slates. 

Gold-b~aring quartz veins and copper lodes were created in this 

great complex of rocks by hydothermal processes. This remarkable 
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upheaval, although great in effect, _was short-lived from a geol­

ogical point of view. We call such a major period of mountain­

building an orogeny. 

6 - Late-Mesozoic (Cretaceous Period) 

The high elevation of the land (probably 15,000 to 30,000 

feet) and the prevailing climatic conditions resulted in a very 

rapid and extensive period of erosion such that by the end of the 

Mesozoic Era, much of these great ancestral Sierras had been 

reduced to low hills and ridges with large but mature or even old 

2.ge streams traversing their way through this terrain down through 

water-gaps in the greenstone ridges of the foothills. This 

crainage pattern was inherited by the succeeding Terti2.ry streams 

including the Eocene Calaveras river which developed into one of 

the largest in the Sierras. 

During the course of this great removal by erosion of up to 

several miles (vertically) of metamorphic rocks, a large number 

of gold-bearing quartz veins were weathered out, eroded, and 

washed along with the other rock debris into the stream . system. 

The gold, because of its high specific gravity, lagged behind in 

the streambeds, while the lighter rocky material was ground up 

and washed downstream; eventually into the Western Sea. 

7 - The Beginning of the Tertiary Period (Eocene Eooch) 

By this milestone in geologic time, erosion had slowed to 

a mild rate, but with the probable tropical climate and high 

rainfall, weathering of the rocks had become very deep and 

extremely intense. The large amounts of gold that the rivers 

and streams had "milled" out of the quartz veins became concentrated 

in extreme! y rich "pay streaks II in the grave·l 1 y s treambeds close to 

the bedrock. The deeply-weathered bedrock supplied limitless 

quantities of clay, silt and sand to be washed downstream and 

deposited in lagoons such as the Ione Basin, or washed further 

out into the shallow Western Sea. We call these sediments the 

Ione formation. 

8 - Middle & Late-Terti~ry (Miocene-Pliocene Epochs) 

In the latter part of the Eocene and early Oligocene, there 

was probably mild uplift, possibly accompanied by some tilting 

of the Sierran block and changes in the ocean level. In any 
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event, we have no record of Oligocene-age rocks, but find that 

substantial parts of the Ione (Eocene) sediments were eroded 

and washed out into the W~stern Sea. By Miocene time, the re­

juvenated Calaveras River had recut a well-defined drainage 

into the older rocks, and had carried enormous quantities of 

volcanic ash, gravels, and silt and sand down into the Western 

Sea, and had then filled the river valleys back up into the range 

with the same kind of material. The source of this material was 

a series of great volcanoes somewhere between the high Sierras 

and Western Nevada. These volcanoes were spewing out · rhyolitic 

dust~ ash and pumice, and other material. The resulting sediments 

are known as the Valley Springs formation, from the excellent 

exposures on Valley Springs Peak. 

After the rhyolitic vulcanisrn had subsided, a renewed uplift 

rejuvenated the streams once more. The stream drainage was again 

cut down, this time into the Valley Springs sediments, following 

in part the ancient drainage pattern·, but in places breaking out 

to new channels. And again, another series of great volcanoes 

began a long period of eruption, resulting this time in huge 

amounts~not of rhyolitic, but of andesitic ash, bombs, and in 

some places lava flows, and incredible quantities of such 

material reduced to well-rounded gravels, or to very mobile _mud 

flows full of -fragments of lava. Once ag.ain, the rive·r ··:.,alleys 

were filled with this new material, extending down and into the 

Western Sea. So much material was washed on down that the entire 

western slope was covered ~ith debris. Towards the close of the 

Pliocene, this resembled a great plain, nearly flat, gently slop­

ing southwestward. We call this material the Mehrten formation. 

Recent studies have subdivided this into the Relief · Peak (oldest), 

the Stanislaus (including the Table Mountain Latite flow), and the 

Disaster Peak formations. 

9 - Pleistocene Epoch 

The previous epoch (Pliocene) closed with rejuvenation of 

the streams, and renewed down-cutting and erosion. In many cases, 

the new streams took quite different channels than the meandering 

Ione, Valley Springs and Mehrten Rivers. The new channels tended 

to be straighter and more directly downslope. As continued uplift 

and tilting of the range occurred and as the Western Sea receded, 

deep canyons were cut into the crystalline metamorphic and ~ntrusive 
igneous rocks. • -~ 
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As the range, through uplift and tilting, regained a large part 

of its former splendor, great glaciers of the mountain variety 

were created. These contributed to the accelerating erosion and 

to the spectacular scenery being developed throughout the Sierra 

Nevada. Recession of these glaciers and the reestablishment of 

vegetation completed the making of the range as we see it today. 

10 - Distribution of the Geoloaic Formations . 

The rocks of various types and 0£ different ages are shown 

in the accompanying geological map in a very generalized fashion. 

Broadly speaking, the Paleozoic rocks lie east of the Mother Lode, 

up to the granitic belt that makes up the crest of the range. 

The .Mesozoic rocks underlie the foothills west of the Mother Lode, 

down to where the overlying Tertiary rocks cover them up. 

Small "outliers" of these Tertiary rocks are also found through­

out the range, for they at one time covered a large part of the 

Western slope of the Sierra Nevada block. 

8 - Geologic History of Special Significance 

Keeping in mind this rather simplified history of the 

geological development of the Sierra Nevada, we will now go back 

and delve de~per into certain of these geological event~ and rock 

formations that have special significance for Calaveras County. 

1. Limestone (Marble) 

The coral islands of the late-Paleozoic seas, although a 

minor feature of that landscape, were later on to have great 

significance. These islands, buried by succeeding sedimentation, : 
were metamorphosed during late-Jurassic time into beds of marble. 

Subsequently, some of these were exposed by the deep pre-Tertiary 

erosion so that today we see them at the surface. 

Probably commencing early in the Tertiary Period, ground 

water dissolved out a number of caves in the beds of marble. 

The process form r ng- "these c aves , below the ground-water level, 

is referred to as the "phreatic" process. Carbonic acid derived 

from the rainwater and other acids from decaying vegetation, 

rein~orced by acids of mineral origin, built up ground water 

locally acid enough to slowly but surely dissolve out great 

caverns in the marble: These were formed just a short distance 
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below the early Tertiary land surface, although some of the 

"roots'' of these caves extended as much as several hundred feet 

below the old surface as almost discontinuous and very sinuous 

narrow openings. 

The end of the Tertiary and into Pleistocene time, as the 

great canyons such as the Stanislaus and Mokelumne rivers flow 

down today were cut, the water table was lowered, and many of 

these caves were drained. Those that were situated . near the 

canyon slopes were enlarged by the ''vadose" process, that is, 

by the action of water percolating oownward from the surface to 

the water table. For the most part, however, the old openings 

were partfy filled in by beautiful "speleothems" such as stal­

actites and stalagmites. Others were destroyed during late-Tert­

iary when erosion by Mehrten stream channels cut into them, and 

filled them with debris. Again, in more recent time, erosion 

has destroyed more caves in the same fashion. 

The best development of marble caves is along the slqpes 

adjacent to the Stanislaus Canyon and certain of its tributary 

ravines, in . the marble terrain from Cataract Gulch downstream 

to the Abbey's Ferry cro~sing. Another cave district i~ found 

where this same marble belt crosses the Indian Creek and McKinney 

Creek drainages. The best-known caves include those at Cave City, 

Mercer's (north of Murphys), and Moaning Cave near Vallecito on 

the Parrot's Ferry road, all of which are open to the public. 

Others, particularly along the Stanislaus River, are srnaller 7 less 

accessible, and on private land. 

A remarkable cave, almost completely filled with mud and 

other debris, was mined out by the Calaveras Cement Company at 

their Calaveritas quarry. Here, part of the roof of the cave 

was eroded out in Holocene or late-Tertiary time, and the re­

maining roof and upper walls collapsed into the cavern, nearly 

filling it. A similar but -much larger cave, near Wool Hollow, 

on the north side of the Stanislaus. Canyon, .was vut into by a 

Mehrten channel, and filled tightly with Mehrten sand. The 

modern Flintkote limestone slurry plant was built on top of this 

sand-filled cave, and the quarry has excavated to the edge of the 

old cave. 

Thus, the little coral islands of the Paleozoic Sea have 

supplied us with the raw materials of limestone and marble for 

7 



making lime and cement, for ctit marble, · an~ have provided the 

sites for caves that were important to the early inhabitants of ( 

the area for shelter and burials, and as objects of scenic wonder 

to present-day tourists. 

2 - Formation of Vein Deposits 

The quartz veins, with their treasure chests of gold and 

copper minerals, were formed in the "latter ' part of the late­

Jurassic orogeny, by hydrothermal solutions emanating from deep 

sources far within the Earth's crust, in the declining stages of 

the •great Sierran intrusive activity. The solutions, apparently 

resulting from the intrusive process, were at very high tempera­

tures and pressures, and were charged with extremely corrosive 

"mineral izers"· and with certain of the base and precious metals. 

These solutions sought relief by working up along cracks, joints 

and ~aults, and on the way disolved out, replaced, and altered 

old mineral~ with new minerals, as they reached a cooler and 

lower pressure environment. The new . minerals included quartz, 

calcite, and ~ertain silicates and sulfates (gangue minerals) 

and interspersed with these, small quantities of sulfide, arsenide 

and sometimes telluride minerals, as well as native metals (ore 

minerals). The veins were formed thousands of feet below the 

then existing surface, and the only surface evidence of such 

intense vein formation in late-Jurassic time was probably a 

profusion of hot, mineralized springs. This process must have 

taken endle~s thousand of years to complete. 

The most important zone to be mineralized is what we call 

today the Mother Lode. This was a great deep-seated fault system 

extending more than two hundred miles along the western slope 

of the Sierra Nevada block. Much of the vein formation resulted 

only in thick veins of quartz with minor quantities of other 

minerals such as pyrite. In most parts of the Mother Lode there ' 

are two or more such veins, not themselves continuous throughout 

the zone, but often thousands of feet or even miles long. ·. At 

intervals along these veins,· more intense mineralization created 

orebodies containing native gold as well as scattered sulfides 

of 6ther metals. At one locality (Carson Hill) significant 

amounts of gold-telluride minerals were ceposited. 
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A less prominent, but equally extensive zone of veins and 

vein-like deposits, was developed along several fault structures, 

known as the West Belt, some seven to nine miles west of the Mother 

Lode. The most significant feature of this belt was the formation 

of the copper-bearing deposits at Copperopolis, Telegraph City, 
and Campo Seco. One of the vein zones in the West Belt contains 

low-grade gold deposits, such as those at Hodson. 

East of the Mother Lode zone are a few districts of gold­

quartz vein deposits, less extensive, but still of some signifi­

cance. The most important of these is the Sheep Ranch district, 

The East Belt deposits tend to be smaller, and are characterized 

by a higher proportion of sulfide minerals. 

Although these deposits were formed thousands or more feet 

below the surface of the ground,subsequent erosion during 

C=etaceous and Tertiary time has exposed them to our view and 

access. 

3 - The Greenstone Formations 

These remarkable be~s were brought to their present form 

bv the late-Jurassic mountain-building period by the folding, 

faulting, and metamorphism of the thick series of Jurassic 

basaltic volcanic flows. The extensive ceformat~on has caused 

these beds to be repeated several .... c.imes. We can see t his as we 

cross the foothills region of the Sierras. The very hard and 

tough c haracter of the greenstone has resisted the efforts of 

erosion, and the long, prominent ri~ges in this part of the area 

are almost always "held up" by the greenstone beds. Bear Mountain 

is the outstanding example. This prominent ridge, extending _from 

Fowler Peak near the Stanislaus Canyon to Calaveras River Canyon 

at Toyon was a "monadnock" ever since late-Mesozqic time. That 

is, erosion had never reduced it to where the Tertia~y formations 

covered itr nor did Tertiary and Recent (Holocene) erosion succ~ed 

in wearing it down to the level of the su~rounding countryside. 

Thus haS the Bear Mountain range stood as a barrier in the geologic 

past in determining the locations of th2 Stanislaus and 

Calaveras water gaps as well as in the present to travel and 

transportation. Even today it looms up as an obstacle and a 

landmark between the Mother Lode area and the Great Valley. 
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Another mass of greenstone to the west of Bear Mountain, forming 

Gopher Ridge, makes a prominent though lower boundary between the 

foothills and the flatlands. 

4 - Late Jurassic Mountain-building 

This great period of orogeny determined much of the future 

course of geologic history in the Sierra Nevada region. The exten­

sive granitic intrusions formed a massive backbone for the new 

range. The tremendous heat and pressure related to the intrusions 

were the major causes of the metamorphism of the sediments::.into the 

rocks we see today. These factors also resulted in the formation 

of the great Mother Lode vein systems and the many other veins 

in both the East and West belts, as we have discussed above. But 

the creation of a mighty mountain range was the most significant 

fact ~6 remember. Even though it has been modified temendously 

by later geologic forces, its foundations and framework were det­

ermined by the Jurassic upheaval, which was probably a result of 

the movement and interaction between large segments of the Earth's 

crust. Development of our knowledge of these "drifting continents" 

has resulted in the new science of "plate tectonics" which does 

much to explain these upheavals, geologically ancient and~modern. 

5 - Cretaceous Erosion and Drainage 

Creation of the lofty ancestral Sierra range initiated a 

great erosion period and the development of a drainage system of 
' profound significance to California and especially to Calaveras 

County. The pre-Tertiary Calaveras River became one of the great 

Sierran streams, though not as large as the mighty ~uba, draining 

much of four counties as we know them today. As the ancestral 

Sierra ' ~as worn do~~ to an ~'old age" topography, as much as two 

miles of solid rock was removed. This was weathered and eroded 

into the streams and then washed downstream to the lagoons and 

ocean to the wes~. The .Calaveras River eventually developed a 

le¼surely meandering course down through the Paleozoic schists, 
- - - - - p --- - - - - - ........ 

and then passed through the greenstone ridge of . the foothills along 

a broad valley parallel to and just north of present Highway 12, 

but locally flowing through a rather narrow "water-gap". 

The removal of several miles of rock containing gold-bearing 

veins was the equivalent of a gigantic mining operation. The 

grinding up of this material in the streams acted as an immense 
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mill, and, using gravity concentration, collected the gold thus 

freed from the veins into the bottom of the streams. The rocky 

material was finely ground to sand, silt and clay sizes, and 

provided great quantities of sediments in Cretaceous and into 

Early-Tertiary time in the great b~sin of sedimentation to the 

west. The important sand, clay and lignite deposits of the Ione 

basin represent the last stage of this great erosion artd sedi­

mentation - period. Geologists believe that climatic conditions 

in this last stage were conducive to the intense weathering 

typical of the lateriza tion ' process. 

At the end of the Cretaceous and into the Eocene, these 

streams were clogged wd.th quartz gravel, and with rich "pay 

streaks" of gold on the bedrock. Geologists often refer to these 

auriferous gravels as being of Eocene or Ione age. 

6 - Format.ion of ·the Ione Beds 

As described above, much material was made available by 
. ~ 

the weathering of the crystalline rocks, and was washed down in 

Ione time to be deposited primarily in quiet shallow bodies of 

water such as the lagoons protected by greenstone ridges from 

the Western Sea. Several hundreds of feet of these sediments 

accumulated, mostly of clays and sandy clays. At one time during 

the Eocene, conditions were favorable to the formation of lignite 

coal beds. These were formed of the decaying vegetation washed 

down the rivers into the lagoons. Geologists believe that some 

of the clay beds in the Ione formation were deposited as arkosic 

sand beds and later altered by ground-water solutions to clays. 
.. -- - - ··-- ---

These beds have a high silica sand content because the quartz 

grains resisted the solutions and remain disseminated through 

the clay beds. 

Th~ significance of the Ione sediments to us is that the 

clay beds and coal seams have been a natural resource mined over 

the years. Most of this activity (all of the coal mining) ha$ 

been done in Amador County, but important amounts of clay have 
-

been produced from the clay pits in Calaveras County. Another 

feature of importance is that the Ione beds result in a very high 

clay soil not favorable for good pasturage or crop farming . 
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7 - Tertiary Stream Development 

The Ione-age streams were succeeded by the Valley Springs 

streams (Miocene epoch), and in turn by the Mehrten river system 

(Pliocene). An understanding of the nature of this repeated 

reJuvenation of these river systems does much to explain features 

of today's landscape, and explain why some of the "auriferous 

gravel" mines were successful and others not. Between each epoch 

of the reestablishment of the rivers, the channels were clogged 

with ~olcanic and weathered rock debris, eventually filling the 

valleys. When geologic conditions caused the drainage to be 

recut, the new channels were often in different places, and were 

flowing in somewhat different directions. As they cut down again, 

developing new valleys, these cut obliquely across the old channels. 

In some cases, several new channels would be created, each at a 

different position. Due to the slow, spasmodic uplift and tilt-

ing of the Sierra Nevada block and recession of the Western Sea 

the later channels tended to be cut deeper than the earlier ones. 

In other c~ses, each succ~eding channel closely followed the 

earlier channels, "sluicing" out the gravels and other debris, 

and replacing them with later material and cutting a slightly 

deeper streambed. 

From the discussion above, it should be apparent that the 

main river channels and tributaries in existence at the end of 

the great erosion period of Cretaceous time contained the gold in 

"pay streaks" that had been concentrated from the vast volume of . 

rock that had been eroded. The erosion of the Tertiary Peri~d, 

however, was restricted primarily to shallow reworking of the 

Tertiary sediments. There was relatively little erosion of the 

crystalline rocks. The drainage was continually revised but this 

revision was confined to a v~rtial dimension , of only a few 

hundred feet at the most. In other words, the great majority 

of the gold from the primary veins had been accumulated before 

the Tertiary. The result of the f;r~;tion of the various later 

Tertiary stream channels was merely to pick up the gold out of a 

channel whenever one of these earlier channels was crossed, and 

to carry it a short distance downstream, and thus generally these 

later streams contained lower grade and less· persistent "pay streaks"• 

This was a fine point of geology not understood by many who un­

successfully attempted to develop the later channels for gold. 
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In the ''sluiced" canyons, the gold was in large part swept on 

downstream with the sand and gravel, to be disseminated throughout 

the lower stream gravels. This type of ~history of the Central 

Hill Channel explains why at the Jupiter Pit and several other 

operations, the gold-bearing gravel was rather low-grade, and 

the gold values were disseminated throughout the gravel, and not 

concentrated on the bedrock, as one would find in an undisturbed 

Eocene channel. 

The significance of the several generations of Tertiary 

streams lies in the effects of this history on the present-day 

landscape, and on the distribution and richness of the placer 

gold deposits. In this respect, Calaveras County was affected 

much like the other Mother Lode counties. 

8 - Canyon-cutting in Late-Mehrten and Quaternary Time 

Ear~y and middle Tertiary time was a period of minor uplift 

and tilting of the range. But in the last nine million years, 

during late Pliocene and the Quaternary a pronounced acceleration 

of this tilting occurred, along strong faults developed on the 

east side of the Sierra Nevada block. An uplift, in stages, a 

total of as much as 15,000 or more feet, raised the crestline to 

similar elevations~ The rejuvenated streams cut deep canyons, 

nearly straight downslope. Steep side ravines were cut. This 

sculpturing of the landscape took place at a very rapid rate, in 

spite of the hard crystalline bedrock through which the rivers 

flowed. The down-cutting was so rapid that even the side ravines 

extend -but a short distance from the mainstreams, leaving inter­

stream uplands that still retain some of the mature or old-age 

topography of the Tertiary. A few of the tributaries of the new 

streams, such as toyo£e Creek ~nd Angels Creek of the Stanislaus,· 

and the South and East Fork~ of the Mokelumne, hav~ managed to 

work by headward erosion upstream into valley~ originally part of 

the older Calaveras River system, capturing larger grainage areas 
. 1 

from the dwindling Calaveras creeks, and thus have become im-

pressive tributaries of the new rivers. 

In this fashion, two new major stream channels evolved out of 

the extensive Tertiary Calaveras drainage. These, the Mokelumne 

and Stanislaus rivers, startetj from almost the same headwaters, 

high in the Sierras, but diverged as they flowed down the western 
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slope. The Calaveras River was restricted thus to the narrow 

triangle between these two new rivers. Early in this development, 

there was sufficient water left in the Calaveras system to cut 

the sharp canyons of the North Fork and the main river past 

Bear Mountain and the lower canyon to Jenny Lind, with a number 

of fairly deep side ravines. But as the Mokelumne and the 

Stanislaus Rivers gathered in larger watersheds by the headward 

erosion of their upstream tributary ravines, they gradually 

pirated away large parts of the headwaters of the old Calaveras 

system. Today, the Calaveras is rapidly becoming a very minor 

river, steadily losing its watershed to the two new rivers. 

The South Fork of the Calaveras, which in Tertiary time 

flowed past the present site of Altaville down through San 

Andreas to junction with the old North Fork from the Mokelumne 

Hill area at Central Hill, in late-Mehrten and post-Mehrten time 

gradually migrated sideways downslope to the west until it 

reached the tough greenstones of the Bear Mountain monadnock. 

There it cut down through the Mehrten sedimentary cover into the 

crystalline bedrock, forming the canyon of the South Fork. In 

like fashion, it swung around the north end of Bear Mountain and 

cut the sharp canyon now occupied by Lake Hogan. 

During the course of this last great erosion period, the 

three river systems cut into the earlter stream deposits of the 

T~rtiary and stripped the majority of these deposits from the 

range. The gold thus encountered in the old stream channels 

was picked up and transported downstream to form new paj s~reaks 

in the modern stream-beds. But large quantities of the placer 

gold was left in the uneroded remnants of the early Tertiary 

streams, high on the present-day hilltops and ridges. The new 

placers were locally rich, but were not continuous as they had 

been in the early Tertiary stream dep~sits. This stream develop­

should be kept in mind when we discuss th~ placer deposits in 

more detail. 

C Elements of the Calaveras Landscape 

As we obtain an understanding of the geology of the county, 

both from its historical development and as to the nature of the 

rocks underlying the present surface, we find that we have almost 
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unconsiously reached an understanding of the landscape itself. 

Let us take a trip up through the heart of the county along one 

of the routes developed in the early decades of the county's 

existence, now the location of Highway "4", and study the elements 

of the landscape as we travel easterly from the Great Valley. 

We might have come on a closely parallel route, that through 

Milton, and our observations would be much the same. 

1 ~ The Low Cuesta Country 

We leave the flat, fertile valley land before we reach 

Calaveras . County. Low, flat to rounded hills first seem to 

push up only a few feet above the flat-land. These hills soon 

take over all the flat lands and by the ttme we reach the county 

line we find ourselves in a terrain of these low, rolling but 

aimost flat-topped hills. Actually, the flat tops slope gently 

towards the valley, and are called "cuestas". We are looking at 

a landscape form~d by the Tertiary beds (Mehrten, Valley Springs 

and Ione formations), a thick series of soft, sandy, silty, and 

sometimes clayey or even gravelly beds, dipping just a couple of 

degrees or so southwesterly. The residual soil is thin, often 

sandy, but locally quite high in clay. Only in the very limited 

bottom land along certain of the larger creeks do we find good 

alluvial soil. Forage is only moderate, and almost poor in many 

places. Trees are seen only in isolated groves or along the few 

intermittent streams. As we approach the more prominent foothill 

ridges ahead that we have held in view since leaving the valley 

floor, we see the scrub oak becoming more abundant. 

2 - The West Belt 

Now we start up over the first Greenstone ridge, here called 

Gopher Ridge, and crystalline bedrock outcrops become apparent. 

In the big roadcuts we · get a good look at the hard, massive 

greenstone. The soil developed on this terrain is reddish-

brown and supports larger trees, and shrubbery (chaparr~l) 

becomes a significant part of the flora. At the Telegraph 

eity Vista Point, we become aware that the several hundred feet 

of elevation and relief on this ridge is the first indication of 

our entry into mountainous country, for from the peak of Gopher 
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Ridge we see much higher ridges ahead. But as we proceed 

easterly, descending from the ridge, we find outselves in a long, (: 

narrow valley, parallel to the ridge, eroded from the softer· 

slates and phyllites synclinely folded between the greenstone 

formations. If we had used the Milton route, we would have 

crossed Salt Spring Valley which is the northwesterly extension 

of the valley we have entered. Somewhat better soil has 

accumulated here, and forage is much better. In fact, some of 

these areas have been used in the past for growing of grain. 

Copperopolis is the only town in this valley, although ranches 

and new subdivisions take advantage of its amenities. Looking 

northwesterly we see the extension of Gopher Ridge gradually 

merging into the lower hills, cut only by the sharp but not deep 

canyon of the Calaveras River (now the site of Hogan Dam). 

Valley Springs occupies the northwesterly extension of the West 

Belt valley, beyond the River, and beyond that town, the little 

Community of Campo Seco. (Add a little about the stream drainage) 

Remembering our geology, we realize that this valley is the 

locus of the West Belt structures, and that the principal veins 

carry copper. This accounts for the location of Copperopolis, 

and for the persistence of the old community of Campo Seco 

originally started for mining gold. We see scattered mine dumps 

elsewhere in the valley indicating t he extent of the copper 

prospecting during the cooper boom, one hundred and fifteen years 

or so ago. Also the many dumps, pits and shafts near Hodson, in 

the low hills at the south end of Salt Spring Valley, the old 

Alto mine workings on Lake Tulloch, and the dumps at Brushville, 

above Jenny Lind, give testimony to the gold strand of the West 

Belt and the mining that was done along it. If we had come up 

into Amador County, we would hay e found that the equivalent of 

Gopher Ridge is mostly a "buried ridge" that outcrops only in 

certain places. It was largely covered by the _Tertiary _f Q~~a tiQns. 

Thus the Ione Basin is the extension of the ·west Belt, and which 

existed as a lagoon in Ione time, behind a low greenstone ridge 

barrier to the ocean, extending southerly into the Valley Springs 

area. 
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3 - The Bear Mountain Range 

We now leave the West Belt valley and climb up over 

several s~mmits with small, higher level valleys, and cross 

the great mass of northwest-trending greenstone beds that form 

the impressive Bear Mountain Range. The route we follow must 

have been an arduous one for a heavily-laden team, but our car 

today soon takes us over the ridges and into the hospitable 

Mother Lode Valley beyond. Although we find the travelled route 

crosses -the range at an elevation of only 1670 feet, we see the 

ridgetops ·near us tower to over 3000 feet. The topography is 

bold, often with great craggy outcrops. Scrub oak and digger 

pine grow quite profusely. A few ranches and, more recently, a 

number of small land divisions have been created out of larger 

parcers for use · as rural residences. These take advantage of 

the little mountain_ swales and rolling meadows in the valleys of 

Steele, Bear and Nassau creeks which.drain the east flanks of . the 

range. Most of the range remains, however, much as it has been 

in the past, uninhabited, and now used only for light cattle 

grazing. Civilization is slowly advancing upon this mountain 

fastness, though, and on the north slopes of Fowler Peak, and 

in the lower portions of Steele and Bear Creeks, we find new 

land subdivisions, yet with few houses built. Fowler Peak is 

topped with a communications station and a fire lookout, reached 

by a good automobile road from Highway 4. But before our modern 

roads and automobiles, Bear Mountain was indeed a barrier and a 

remote highland to be avoided or bypassed. 

4 - The Mother Lode Valley 

Contrasting sharply with the Bear Mountain Range is the 
charming Mother Lode valley into which we next enter, on our trip 

up the slope of the main Sierra Nevada. We are now in the elev-
, ~ 

ation range of 1100 to 1500 feet. We realize, w~th our ~ewly-
acquired geological background, that we are in the large, broad 

valley of the Tertiary South Fork of the once gre~t Calaveras Ri~er. 

No longer a simple valley, it has been dissected by the various 

tributaries of the declining Calaveras River and also short, 

vigorous tributaries of the Stanislaus and Mokelumne rivers. But 
it still retains its broad valley character, providing attractive 
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sites for the towns of Carson, Angels Camp and Altaville, Fourth 

Crossing, and San Andreas. Th.e Mother Lode vein zone traverses 

its north-northwesterly course right along the valley, providing 

us with the clue that the valley is here because the old Calav­

eras River found it easier to cut its valley in these softer and 

more fractured rocks than in the harder and more massive green­

stone formations to the west. It was able to make its way through 

the greenstone barrier only at -the northern end of the Bear 

Mountain monadnock. 

Looking easterly, we are gazing up the old Tertiary valley 

as it swings upwards from Altaville towards Vallecito and therice 

up to Douglas Flat and beyond. The long Mehrten-capped ridges 

line both sides of the valley, which post-Mehrten erosion has 

shaped to its present form, scouring out much of the Tertiary 

sedimentary material in between the ridges. Coyote Creek, a 

Stanislaus tributary, has captured much of this lovely upper 

vally from the defenseless Calaveras. 

San Andreas is also located in the same valley, downstream, 

only a short distance above the confluence of the Tertiary North 

and South Forks. The wide, mature valley now occupied by Chili 

Gulch and its tributaries is the lower end of the Tertiary North 

Fork valley just above the confluence. 

5 - Table Mountain 

Perhaps, as we journey up the Tertiary valley above Vallecito, 

we will rtotice that the Mehrten-capped ridges on the southeast 

side of the valley are surprisingly flat. If we investigate this 

feature, by taking a short side trip from Vallecito out on the 

Camp Nine Road, we will soon be viewing one of the most interesting 

geological features of the Cal~veras l~ndscape, Table Mountain. 

The flat top is due to an erosion-resistant lava flow of latite 

porphyry which flowed down a late-Mehrten stream valley from the 

vicinity of Sonora Pass to the Knight'.s Ferry region. This lava­

filled channel had a meandering course generally parallel to the 

present Stanislaus River. When this new channel was established 

at the end of Mehrten time, it cut down through the meandering 

course of the latite channel, and left remnants of it, first on 

one side of the Stanislaus canyon, then on the other, such that 

we have several Table Mountains, in both Calaveras and Stanislaus 
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counties . The hard latite has resisted erosion, whereas the 

softer Mehrten beds on either side have been eroded away. The 

latite is particularly spectacular in the Poker Flat area. 

6 - The Forest Belt 

Now we return to the central part of the county to consider 

the large interstream area lying between the Altaville-Douglas 

Flat and the Chili Gulch valleys . This was originally a fairly 

low- lying, maturely-shaped terrain, and merely a feature of the 

whole watershed. Now it represents the last of the Calaveras 

Riv er's upstream watershed. Post-Mehrten erosion has dissected 

this ground, underlain by Calaveras schists, into a jumbled 

dendritic pattern of various forks and minor tributaries of the 

Calaveras, including Calaveritas, McKinney, Indian, San Domingo, 

San Antone, Esperanza, and other creeks. A few prominences such 

as Sierra Vista and Blue Mountain, stand above this chaotic 

topography, preserving their monadnock origin and lending at 

least a . little distinction to the area . 

We can enter this part of the County by traveling from 

Mokelumne Hill to West ~oint, from .San Andreas to Mountain Ranch 

and Sheep Ranch, and from Murphys on up Highway "4". ·· we are 

now w~rking our way up the narrow apex of Calaveras County, and 

rapidly gaining elevation. 

The towns of Avery and Arnold, at elevations of 3400 feet and 

3800T are on the lower edge of . t he great -granitic intrusions, and 

as we p~oceed up past Big Trees and on to the county line, we see 

the prominent granite outcrops well polished by glacial action. 

And, from time to time, we glimps high ridges capped with Mehrten 

mud flows . But to reach the High Sierra, with its magnificent 

scenery and alpine habitat, we - must go on into Alpine County. 

This part of Ca! averas County, like its neighbors, has been 

endowed with the soil and climatic characteristics that support 

a remarkable forest belt. In this · sense, Calaveras is hardly 

unique, other than in the possession of one of the better known 

and more accessible groves of Sequoia. 

D - Geology of the Mineral Deposits 

The gold and copper deposits are, of course, by far the 

19 



most important of the mineral deposits for us to consider from 

the historical development of the county. Mining, however, has 

not been confined to these minerals alone. In fact, over the 

past half century, most of the county's mining has been for 

other minerals, and gold and copper mining, since World War II, 

dwindled to almost nothing. These other minerals include lime­
stone for cement manufacture, asbestos, talc, sand and gravel, 
and at times, crushed stone for dam, road and other construction. 

Most recently, we are seeing a resurgence of interest in gold, 

and the mining of that metal is again becoming significant, 

replacing the former activity in limestone and asbestos mining. 

The geological occurrence of minerals, thus, has always been of 

major importance to the county's development. 

1. Gold Deposits 

There are three principal . types of :_'gold-bearing deposits 

in the county - primary veins, Tertiary placers, and modern 

stream placers. The present-day stream placers were discovered 

and worked first. Then the Tertiary deposits were developed 

and mined for a number of de~ades. The primary veins, although 

dLscovered early in the history of Sierran ·gold mining, were 

not extensively worked until decades later. The gold deposits 

in Calaveras County are not unique, but typical of the entire 

Sierran gold district, except in a few specific instances 

which will be mentioned. 

1 a - Primary Gold-Quartz Vein Deposits 

In Section B 2 above, we discussed the formation of 

mineral veins. Primary gold-bearing veins formed by this process 

contained quartz as the principal gangue mineral, with much 

smaller amounts of calcite and occasionally barite, as well as 

lesser amounts of certain silicate minerals. The common ore 
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minerals were pyrite, arsenopyrite, a little galena, chalcopy­

rite, and other sulfides, and, most important, native gold. 

In certain veins such as those near Carson Hill, some rare 

telluride minerals were deposited. 

The veins veins vary in width from very thin stringers to 

great veins m~ny feet thick. They are commonly in the ~ange of 

a few inches to several feet in width. _They normally have sharp 

walls, but the country-rock outside -the walls has often been 

strongly altered by the vein-forming solutions. In many cases, 

large amounts of pyrite have been disseminated in the country­

rock. Along certain veins these strongly-altered wall-rocks 

contain low-grade gold values, such as the "gray ore" found at 

Hodson, Angels Camp, and on Carson Hill~ 

The veins generally have a strike length (longitudinal 

extent) of hundreds to thousands of feet. Often, however, a 

vein loses its identity as an individual structure, because it 

pinches out or branches into and intersects other veins, forming 

a zone of several separate veins. These zones may continue on 

strike for miles. The Mother Lode is a vein zone on a large scale. 

The ; gold~bearing quartz veins may be vertical or more 

often are steeply-dipping, _generally _dipping to the east. Th~ir 

strike (trend) .most often is north-northwesterly, although small 

veins may have attitudes at considerable variance to this 

regional trend. 

We call these veins the primary gold deposits because it 

was during the formation of these structures that . the gold was 

introduced into the surface rock formations from sources deep 

within the Earth's crust. The gold in the placer deposits is 

secondary in origin, ~nd was derived from the mechanical disin­

tegration and erosion o~ the primary veins. 

The gold does not occur thr_oughout the quartz veins, but 

is distributed in concentrations of various shapes and extent 

which- we call orebodies or ore-shoots. These ore-shoots may be 

very small "pockets_".:- or "bunches", or may_ be ir. large segments 

of the veins. Most often, their long dimensions tend to. "rake" 

steeply up and down the vein, and their length along the strike 

(horizontally) is the shorter dimension. They may have a thickness 
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equal to the full width of the vein, or veins may be essentially 

barren of gold values, and the mineralized wall-rock constitutes 

the orebody. In some very productive veins, the majority of 

the vein-quartz may be sufficiently mineralized to constitute 

ore, but more often, only a relatively small part of the vein 

contains enough gold to justify its mining. Many quartz veins 

do not even contain significant quantities of gold, and this 

type of quartz is often called "bull quartz". 

·The amount of gold per ton of vein rock, or the "grade" of 

the ore, can vary between wide limits. In order to be called 

ore, the quartz must contain enough gold to justify the mining 

of the vein with a hope of making a ~refit by so doing. The 

actual grade varies, of course, according to the price of gold 

and the cost of mining the ore. 

Historically·, there would have to 

have been at least about a tenth of an ounce of gold for each 

ton of quartz to make it ore, and generally more, upto a quarter 

of an ounce to justify mining in many mines. In some veins, 

gold tends to be much more concentrated. but in widely separated 

occurrences. These "pockets", "bunches" or "enr ichrnents II may 

sometimes contain many ounces or even hundred of ounces of goid, 

such as the big so-called Carson Hill "nugget". Many small 

bunches of gold, closely-spaced, may constitute rich ore-shoots. 

By and large, however, these high-grade occurrences are rare, 

and most of the gold-bearing veins contain ore-shoots of low 

to moderate grade only. 

The largest and most persistent quartz veins occur along 

the main Mother Lode zone. Due to the nature of the formation 

of these veins, the productive ones were found only in certain 

locations along the Lode, and the veins elsewhere along the zone 

were barren or too low in grade to be successfully mined. One 

such "locus" was at Carson Hill. Another was at Angels Camp. 

The only other sub~tantial ore-shoot was in the Gwin mine near 

Paloma. E~cept for a few low-grad~ and unsuccessful mines near 

Fourth Crossing and at San Andreas, the rest of the Mother Lode 

in Calaveras County proved to be very disappointing, although 

many individual shafts ' were sunk to propect the veins for 
ore shoots 
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In Amador County, the Mother Lode was far more productive and 

many individual mines became successful producers. 

East of the Mother Lode, there are several districts of 

goldpearing veins, such as those at Sheep Ranch, near Murphys, 

and in the West Point vicinity. One of the East Belt districts, 

Sheep Ranch, became a major producer in the county. The East 

Belt veins tended to be thinner, shorter, and more haphazardly 

oriented. The proportion of sulfide minerals was generally 

much higher than in the Mother Lode veins. The gold, where 

present, was more apt to result in higher gradebutsmaller ore­

shoots. Pockets or bunches of high-grade ore were more prevalent 

than elsewhere in the county. With the exception of the Sheep 

Ranch district, the East Belt veins, although extensively 

prospected, proved to be disappointing to the prospectors and 

mine developers. 

Although the West Belt is _prin~ipally known for its copper 

veins, there is one discontinuous vein zone that contains sub­

stdntial low-grade gold mineralization. The most prominent 

diitrict is centered around Hodson, associated with the Hodson 

~ault, where _the veins locally contained significant amounts of 

h~gh-grade gold ore in addition to extensive low-grade vein ore 

and mineralized wall-rock or gray ore. Low-grade vein ore was 

produced at the Alto mine to the southeast, and similar gold 

mineralization, though not as strong, has been explored at 

Brushville, near Jenny Lind. 

1 b - Placer Gold Deoosits 

The geological background and processes resulting in the 

formation of placer gold deposits have been described in an 
-

eacli~r section. These proce~ses, coupled with the extremely 

high specific gravity of gold some nineteen times heavier than 

water, concentrated an extraordinary amount of this metal that 

had been weathered and eroded out of countless gold~quartz veins 

into_ confined and narrow "pay streaks" in the early _Tertiary 

stream channels. 
The larger fragments of the malleable and indestructible 

gold, shaped ~y the pounding they receive from the pebbles, 

cobbles, and boulders in the streambeds, become "nuggets". 

The smaller fragments are called flour gold. The gold, because of 
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its remarkable density, tends to work down close to the bedrock, 

as it lags behind the mass 6f lighter streambed material that 

is steadily moving downstream. If the bedrock is irregular, 

porous or soft, the gold fragments are pounded into these 

crevices. Sometimes pay streaks are found higher in the 

streambeds, on top of clay or sand beds. The shape of the 

streambed, its bends and meanders, the profile of th~ bottom 

bedrock, and other irregularities, affect the location and 

shape of the pay streak. In some cases, well-defined pay 

streaks have been disturbed by later flushing out of the stream­

beds, and the gold then scattered throughout the reworked 

maierials. This latter case is typical of narrow, confined 
~c:1- · . • 

stream channels with steep walls that are reused by rejuvenated 

streams. The old streambeds were "sluiced out" and replaced 

by later materials, and much of the gold was swept on farther 

downstream. Often as the downcutting of a streambed occurred, 

old parts of a pay streak were cut off and left on the "benches" 

at the sides of the deepening valley. 

We might classify placer deposits in a variety of ways. 

For our purposes, a grouping of the different types of deposits 

on the basis of their relative ages of formation will probably 

be the most useful for our discussion. 

1. Tertiary Placers in : 

i) Old, pre-volcanic streambeds (Pre-Miocene) 

ii) Intervolcanic streambeds with rhyolitic 

debris (Miocene) or andesitic debris 

(Pliocene) 

iii) Post-volcanic streambeds (Late Pliocene) 

2. Pleistocene and Recent (present-day) streambeds 

b, 1, i) Placers in Old, Pre~volcanic Streambeds 

The pre-volcanic streams concentrated the gold recovered 

from the immense volume of rock weathered and eroded during the 

long Cretaceous period and in earliest Eocene time. These were 

the richest and most widespread of the placer deposits. Mining 

of· the remnants of-: these channels showed that the placers 

extended upstream through the East Belt. Even though few 

significant vein mines were developed in the East Belt, the 
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great numbers of small, gold-bearing veins, and the great depths 

of erosion, resulted in the accumulation of an astonishing 

amount of gold. Thes ~ channels were then further enriched as 

they entered the Mother Lode region, where the major streams 

and their tributaries flowed, in most cases, parallel to the 

lode. Thus those portions contained the most productive 

placers of these earliest streams. 

The Eocene Epoch was long enough and apparently geologically 

unstable enough to allow the existence of several different 

stages of s-tream channelling and frequently benches or entire 

segments of channels were cut off, and new channels developed. 

The several pre-volcanic channels in the Mokelumne Hill and 

Chili Gulch region are illustrative of the complexities of 

this early Tertiary environment. 

b, 1, ii) Placers in Intervolcanic Streambeds 

The first of the intervolcanic streams, the Valley ~prings 

system, picked up substantial amounts of crystalline bedrock 

debris, and this was often well mixed with the deluge of 

rhyolitic material. Moch of the earlier pre-volcanic stream 

gravel was also reworked by the Valley Springs rivers. But, 

generally : speaking, these streambeds did not have significant 

placer deposits, for an obvious reason. The only gold that 

they had access to was that acquired when the rivers "cut out" 

sections of the earlier gold-rich streambeds, or when they 

actually followed the same stream channel and reworked these 

deposits. This was a fine point readily appreciated by the 

more savvy of the early-day miners, but rarely understood by 

the later, promotionally-inclined operators who considered all 

Tertiary gravels to be auriferous, and who did not want to be 

bothered with the geological details. 

The second . intervolcanic river system (the Mehrten) had 

even less access than the Valley Springs rivers to gold, as the 

older deposits were in many places well buried by the Valley 
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Springs sediments. But again, occasionally they would . cut down 

through segments of the old channels, or sluice out the earlier 

river gravels in the old channels, and thus create placers of 

Mehrten age. These are uncommon,and contributed relatively 

little to gold placer production except in the several isolated 

segments along the Tertiary South Fork (Central Hill Channel) 

of the Calaveras, from Altaville to San Andreas. 

b, 1, iii) Placers in Post-volcanic Streambeds 

These placers were very insignificant, yet certain gold­

bearing streambed gravels must be assigned to this geologic 

time, as new drainage patterns were developing and high benches 

were subsequently isolated and lef t as the rejuvenated streams 

commenced vigorously downcutting a t a rate that had not occurred 

since Cretaceous time. 

b, 2 Placers in Pleistocene and Recent Streambeds 

The extensive stream rejuvenat i on and downcutting in 

Post-Mehrten time (and right up to the present) eroded deeply 

into the relatively quiet mature landscape that had persisted 

all through the Tertiary period. Much of the Tertiary sediments 

were eroded away, and the new streams cut deeply into the old 

crystalline bedrock. This resulted in sharp canyons and ravines, 

ideal for reconcentrating the gold that was exhumed as the new 

streams cut into the old streambeds. Much of this gold did not 

move downstream far, but was dropped into the closest gulch or 

ravine, or it barely entered into the main streams. Large 

quantities of the finer gold particles did, however, move on 

downstream and this was the gold found in the benches of 

Pleistocene age capping the hills near Wallace and Camanche, 

near Jenny Lind. And as the rivers continued developing the 

streambeds we see today, much more of this finer gold worked 

downstream, as far as the dredge fields in the Lower Mokelumne, 

in the Calaveras above and below Jenny Lind, and in the lower 

Stanislaus. 

Among the placer deposits in this category, we include 

innumberable small, erratic, placers found in countless ravines, 

valleys, and even on hillsides and other even more improbable 
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locations, in seemingly no pattern. Yet if one were to plot 

these carefully on maps, one would see that they are clustered 

along the routes of the main early Tertiary streams and 

especially along the tributaries that flowed into these streams. 

These II ghost placers~-" ins ignif ican t when considered individually, 

ac~ounted in the aggregate for a substantial part of the placer 
-

gold recovered in the first one or two decades of gold-mining 

history. As we explore the byways of our county, we find evi-

dences in many places of this small-scale mining. Some of these 

areas continued to be worked years after the gold rush was over. 

D - 2 - Copper Deposits 

The copper produced in Calaveras County was mined only 

from mineralized iones on the West Belt and principally from 

just two deposits, at Copperopolis and Campo Seco. Minor pro­

duction came from the Telegraph City district. Although these 

deposits have some similar characteristics to the gold-bearing 

veins, they differ .significantly in mineralogy and in other 

details. Copper did not occur, as gold did; in placer _deposit. 

The copper-bearing zones were not generally as sharply 

defined as the gold veins, and wall-rock alteration (pr~ncipally 

chloritization and sericitization) was more pervasive and ex-
-

tended farther from the vein walls. The internal vein structure 

was far more intricate, but was masked by the complicated 

assemblage of minerals and the complex alteration · of the vein 

matter. The latter was originally crushed rock in a strong 

shear zone or fault. Rather than one principal gangue mineral 

(as quartz in the gold veins), quartz was often a minor mineral, 

present mostly as thin stringers or fine-grained silification. 

Calcite, barite, and a number of other minerals were common in 

the gangue, and additional less common minerals were present. 

Thus, the copper-bearing deposits might be described as shear 

zones intensely altered by sericitization, chloritization, 

pyritization, and copper mineralization. 

The orebodies · consisted of stringers, lenses, masses or 

disseminations of copper minerals within these complicated 

altered zones. Pyrite was very abundant. Chalcopyrite, 
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sphalerite, some bornite and minor tetrahedrite were the ore 

minerals. In some veins, small quant i ties of gold and silver ( 

were also present probably as intimate intersititial minerals 

. within the copper minerals and in pyrite. Chalcociteand occasionally 

covellite were important ore minerals in the "secondary enriched 

zones", and native copper was sometimes found in the "oxidized 

zones" along with iron oxide minerals and some secondary copper 

minerals. 

The oxidized zone was the weathered portion of the 

and could extend from the surface down to the permanent water 

level. The intense pyritization at Copperopolis, for example, 

resulted in the formation of a spectacular rust-colored gossan, 

as the pyrite was oxidized to limonite, hematite and probably 

jarosite. The primary copper minerals were almost completely 

leached out, and the copper-bearing leachate descended to be 

precipitated lower down as chalcocite and sometimes covellite 

in the secondary enriched zone. There apparently was no sharp 

transition from the oxidized zone to the secondary enriched 

zone and from that into the primary zone, as has been noted in 

copper deposits elsewhere. This was probably caused, in part 

at l~ast, by the seasonal climate and the resultant fluctuating 

water level and other vadose conditions. 

At Copperopolis, enriched ore was found surprisingly close 

to the surface, and the zone of enrichment persi~ted for as 

much as 100 feet ot more. Most of the mining during the Civil 

War boom was from the enriched zone, but the leaner primary ore 

below was being mined from the deepest levels of the Union and 

Keystone mines. The high-grade character of the enriched ore 

testifies to the large amount of the copper-bearing deposit or 

lode that had existed above the present ground surface that had 

been oxidized and eroded. Thus the copper accumulated lower 

down by being successiveli ~eprecipitated in the gradually 

descending enriched zone as erosion lowered the ground surface. 

The enriched zone at Campo Seco was not as spectacular as 

that at Cop~eropolis, and the primary ore below was generally 

of a higher grade and less disseminated. 
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The primary ore at Copperopolis was found along one strong 

main zone, and was really one large orebody, extending from the 

Empire shaft to the Keystone-Discovery shaft, with much dis­

seminated ore. At Campo Seco, there wre several veins in the 

zone, and a number of individual oreshoots of relatively high­

grade ore. 

The Telegraph City deposits (Napoleon, Quail Hill, Collier, 

and Star & Excelsior) were small deposits, and the significant 

production came from the enriched zone. The primary vein ore 

below was often not of mineable grade in the small quantities 

present except where it occurred in small, narrow, high-grade 

shoots. 

Ever since these copper deposits had first been described 

by geologists, their origin had been considered to be essent­

ially similar to the hydrothermal gold-bearing quartz veins. 

The rapid development of the plate tectonic theory in recent 

years has prompted a reexamination of the origin of the Foot-

-hills copper deposits. Several geologists now believe that 

these are vulcanogenic in or1g1n. That is to say, it is 

possible that the copper and iron originated as underwater 

discharges along rift zones closely associated with the under­

water extrusion of certain felsic and intermediate volcanic 

rocks in the Jurassic Period. This ~heory then postulates 

that subsequent metamorphism, structural deformation, and 

associated hydrothermal activity altered the original deposits 

to the form and condition in which we find them today. 

D - 3 - Nonmetalliferous Deposits 

a) The mineral asbestos (chrysotile) occurs in a number 

of localities in the county, in serpentine, but only one of 

these was important enough to be mined on a large scale. 

This occurrence in on the Stanislaus canyon wall, just below 

the New Melones dam, about three miles upstream from the old 

O'Byrnes ferry and bridge. The serpentine is strongly altered, 

and the chrysotile veinlets are concentrated enough to form 

a mineable orebody. This is the only chrysotile asbestos mine 

in this pa rt of California, or in almost the entire country, 

and is thus a truly unique part of Calaveras's geological 

heritage. 
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b) Geology has endowed Calaveras County more generously 

than most other Sierran counties with limestone and marble deposits. 

Marble is the metamorphic equivalent of limestone, and most of the 

Calaveras deposits should be referred to as marble. It has supp­

lied the raw material for the only cement-manufacturing plant in 

the Sierras (Calaveras Cement Company). At one time a small 

marble-cutting industry existed along the Stanislaus canyon, on 

both sides of the river. The production of "quick lime" from 

limestone and marble was locally important in early days from 

small field kilns. 

c) There were a number of small stone quarries in a variety 

of rock types in early days, to produce building stone for local 

consumption. These were located in granite, schist, greenstone, 

slate, limestone, and rhyolite tuff and sandstone. These were 

common varieties, and the most convenient outcrops were selected 

for a quarry site. 

d) Cl~y was mined near Valley Springs from the Ione form­

ation, and small-scale clay mining continues today. 

e) Sand and gravel, both from present-day streams and from 

Tertiary gravel deposits, has become an important part of our 

county's mining industry. 

f) Large stone quarries have been opened temporarily to 

prov ide crushed rock for dam, road and related construction, 

for such projects as the Hogan and New Melones dams, and more 

recently, the large North Fork complex. 

g) At one time, quartz crystals of electrical and gem 

quality were recovered from drift mines in ore of the Tertiary 

gravel channels in Chili Gulch 

h) Our newest mineral industry involves the quar~ying of 

talc deposits in the vicinity of Angels Camp, and the process- • 

ing of this material at Toyon for low-grade talc products, espec­

ially for use in the manufacture of roofing paper and composition 

shingles. 

30 

( .. . 

( 

( 



E - The Influence of Geology on County Historv 

1. Indian Life and Culture 

a) Geology exerted an extremely important though perhaps 

subtle influence upon the life and culture of the pre-Caucasian 

residents of this and the adjoining counties~ The campsites to 

which the nomadic Indians returned year after year, and century 
after century, were always admirably located. Good water was 

available close by. They were easily accessible by good trails, 

yet were often -located to preclude sudden surprise by unfriendly 

neighbors. They were located so as to provide a good base for 

hunting at certain times of the year, and for gathering food 

crops at the appropriate season for acorns, pine nuts, brodaeia 

and other roots, and similar sources of food. Topography, 

ground-water conditions, soil development, all based on geology, 

determined the campsite locations. 

b) The limestone caves for which Calaveras is noted, 

entered definitely into Indian life, and culture, although the 

manner in which they did constitutes a controversy among 

anthropologists. Did they use the caves as inhabitation or 

refuge, or as places of burial? Or cid victorious tribes 

condemn their victims to a terrible fate in these dangerous 

subterranean openings? Or were they carefully avoided, and 

merely existed as traps for the unwary and -unsuspecting 

aborigines? Many skulls and other skeletal remains have been 

found in these caves, often encased in speleothem coatings 

suggesting a great antiquity. This feature led to a spectacular 

"hoax 11 and controvery in J..he 1860 1 s when one of these skulls was 

planted in Valley Springs sediments in a mine shaft near Altaville. 

This was "discovered" and eventually delivered to Harvard 

scientist J; D. Whitney who spent the rest of his lifetime trying 

to prove that modern man existed back into the dim Miocene ages. 

c) The high crestline of the Sierra Nevada has always 

existed as a tremendous ·barrier to the · tribes to the east who 

eked out a bare existence in the harsh . desert environment, 
. . 

separating them from the much more hospital regions enjoyed by 

the Californian tribes. It was only through a few isolated 

passes that the eastern tribes coulc penetr2te into the more 
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desirable environment west of the divide, sometimes peacefully 

with trading in mind, but other times more forceably for 

recovering food and other desirable booty by raids. Temporary 

camps were made west of the crest in areas such as Bear Valley 

from which to penetrate farther west. The sheer ruggedness 

of the range and its elevation restricted these excursions to 

the summer months, and thus served as a protective barrier to 

the western tribes. 

d) The Indian was forced to utilize those mineral 

materials that he could find for his tools and ornaments, or 

he must acquire them by barter. This was one aspect of Indian 

life profoundly affected by the geological distribution of such 

materials. Cherts and volcanic rock types such as obsidian 

from Nevada were highly sought after by the California Indians 

in this region, for they were much superior to what was 

readily available in Calaveras County and nearby. Yet the 

Sierran tribes had intriguing materials acquired from the 

coastal tribes that were highly prized by the Nevada Indians, 

and so used in bartering. 

2. Early Explorers and Settlers 

The passes through the High Sierra became immensely 

important to the explorers and trappers, and even more so, to 

the emigrant parties and wagon trains that began to cross the 

great Sierran barrier in ever-increasing volume in the late 

1840 1 s, swelling to a vast migration set off by the discovery 

of gold in California. In this respect, Calaveras County (and 

its neighbor, Alpine, to the east) probably had the least 

attractive and useful of the passes of the Central Sierras. 

For this reason, Calaveras County was relatively unknown to 

the Caucasians until the actual gold rush. Frem9nt's celebrated 

1844 crossing was north in Amado ~ and El Dorado counties, and 

Bidwell's was probably mostly in Tuolumne County. 

The trappers, particularly parties of frenchmen, did 

penetrate th~ lower and central portions of the county, and 

are said to have had a base camp at Happy Valley near Mokelumne 

Hill as early as 1840. One local tradition, kept alive by 
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descendants of French pioneers, is that the French trappers 

discovered gold in the Mokelumne River a year or more before 

the Paloma discovery, and managed to keep it a secret. It seems 

highly doubtful that this was based on a true discovery, and it 

is totally unsubstantiated. Yet we cannot help woridering why 

gold was not discovered by the many trappers and mountain men 

crossing the Sierras. 

There was no basis for any permanent settlements in little 

known Calaveras County until - the gold rush. 

3. ·The Gold Deposits 

Gold was the gift of geology that was to determine or at 

least strongly influence almost every facet of the development 

of Calaveras County for many years after 1848. 

a) Gold was first found in the present-day streambeds, in 

the Mok~lumne River near Big Bar, and in Angels Creek and in the 

Stanislaus River above the point of confluence of this creek. 

It didn't take long for the full pattern of the County's 

placers to unfold. 

b) The next ~iece of the geologic puzzle was soon discovered 

when curious miners panned up the canyon and ravine slope~ and 

found even richer diggings high above the streams and in most 

improbable locations, as they discovered "breakouts" or isolated 

remnants of the Tertiary auriferous gravel channels, or "dead 

rivers" as they were often called. 

c) The third part of the picture was soon filled in wheh 

gold was discovered in the quartz veins in Lower Rich Gulch 

below the present town of Paloma anc on top of Carson Hill. 

Eventually, but slowly, additional ~old-bearing veins were 

discovered. But most of the miners were unfamiliar with the 

con-cept and methods of vein mining in the hard bedrock, and 

stayea with the easier and apparently more productive surf"ace 

placering or simple underground mining of the Tertiary channels. 

d) With very few exceptions, the towns and communities of 

Calaveras are located at sites determined by the early gold and 

copper mining activities, in turn determined by the distribution 

of the deposits, - a geological fact. Probably the only towns 

with other origins include Arnold and Avery, on the Ebbetts Pass 
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r oad, and Wallace, Burson, Valley Springs and Milton on the 

ra i lroads. 

Many of the early mining communities are no longer in 

existence, as there was no purpose in their continuance when 

local mining ceased. A large part of the gold rush population 

lived at these forgotten sites or in isolated cabins on or near 

their placer mining claims. Today all we see of these early 

residences are little mounds of stones that once were fire 

places and chimneys held together with clay mOitar. 

4. Other Minerals and Geologic Influences 

a) In the early part of the gold rush, travel was pri­

marily by foot or on hors.back , with communications by express 

rider. Supplies reached the diggings on pack animals. The 

surge of newly-arrived miners soon required the use of wheeled 

vehicles to provide the constantly-increasing quantities of 

supplies. Roads were located on routes where the roadbeds 

could most easily be built, us i ng the favorable geological 

features to avoid steep grades and rocky slopes, utilizing the 

best stream crossings , and taki ng advantage of th~ "grain" of 

the terrain as expressed by the stream patterns and ridge 

locations. This same reliance on the favorable geological 

features continued to have its effect on later road improvements, 

an~ particularly on the routes used later by the railroads. 

Even today, this is a major factor as the old roadbeds are 

realigned, and th~ roads widened and improved ~ 

b) A geological factor often overlooked today is the use 

the early house-builders made of local materials. The mid-19th 

century was still in the era of stone masonry. Finished lumber 

and other materials were either unavailable or very expensive. 

Close to nearly all ~9mmunities -~ould be· found outcrops of stone 

that could be used effectiv~~y fo ~ -P-~rmft~ ~nt _str uctures. _ 
- - ~- • ---- ~- -·--

The crystalline bedrock was used where it could be readily 

quarried. Granite, schist, greenstone, marble, and slate were 

the rock types most commonly used. In the area where the softer 

Tertiary sediments _ outcropped, the Valley Springs tuff beds were 
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found to be eas i 1 y cut in to bloc!~ s that \•Jere sol id enough and 

strong enough for building. Altaville and Angels Camp derived 

much of their building stone from the quarries in hilltop remnants 

of the tuff east of these towns. At Mokelumne Hill, quarries 

were opened right in town (Corral Flat) or close by. Sandstone 

of the Valley Springs formation was popular in the western 

corner of the county, as it could be easily cut into blocks. 

An essential ingredient of masonry is mortar. Fortunately 

for the early residents, limestone and marble were found close 

to most of the early towns and communities. It takes a com­

paratively simple technology to produce lime in wood-fired 

field kilns, and a number of these were soon burning lime to be 

used for mortar as well as for plaster and "whitewash". Thus, 

geology generously provided the early Calaverans with materials 

for good, comforta?le buildings. 

Adobe brick was fairly widely used at first, but soon gave 

way to these more permanent mate~ials. Adobe was an ineffective 

building material unless sealed with lime plaster inside and 

out. Although good clay was abundant in the Valley Springs 

area, it was not readily available near most communities, and 

fired brick was not produced and used in Calaveras County except 

from a couple of very small yar~s, and there not for very long. 

c) The various characteristics of soil that we find, sue~ 

as depth, type, and productivity, may be easily explained by 

the geology of its origin, for soil is a geological formation. 

Soil is, as we all know, one of the major features of the land 

that sustains man's existence. 

Most soils in the county are residual - that is, they are 

the products of the weathering and the physical and chemical 

breakdown of: the underlying bedrock. Small areas contain 

alluvial soils which are formed of the _debris originating as 

residual soil, but which is washed down into ihe creeks and 

flatter areas to be deposited as valley bottom land. Alluvial 

soil is general!~ much thicker, richer, and easier to ~ork than 

residual soil. The preponderance of residual soil in the Sierras, 

coupled with the seasonal rainfall, relegates most of the land to 

either grazing or the growing of timber. 
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The tremendous demand for food production right from the 

outset of the gold rush, and continuing on down to until modern 

transportation and refrigeration coul d provide food from the 

outside, occupied the attention of many Calaveras residents. 

Ironically, the gold miners rapidly destroyed much of the best 

alluvial soil in their eagerness to harvest the gold underneath. 

Farmers, however, made use of the little mountain valleys and 

meadows, and the flatter portions of the rolling foothills for 

cultivation wherever water was available. Many farmers 

labqrously terraced the sides of streams with the debris left 

by the mine~s and gradually rebuilt the soil. These terraces 

are a prominent feature of the countryside today, though now 

they serve mostly as pastures or are neglected. For many years 

they produced large quantities of vegetables and other foodstuffs 

to be sold locally. 

Grazing land was used at an early date for the raising of 

horses and cattle and ranchers gradually improved their land for 

this purpose by clearing brush and removing stones. The stones 

were often used for building the stone walls in the days before 

barbed wire was available, and replaced the temporary brush, 

stockade and rail fences in some areas. 

Irrigation was essential for all except some crops used for 

forage, or for dry farming of certain grains. The premium rates 

paid by the miners for all available water made it very difficult 

for t~e farmers who generally had to develop their own sources of 

water. The exhaustion of the stream placers and dry diggings after 

the first decade or so improved the lot of the farmer as to water 

supply. 
d) The combination of soil and topographic conditions with 

favorable climate has provided a magnificent forest on ~he flanks 

of the Sierra Nevada, and Calaveras has its share of this 

wonderful .resource. The development of this part of the county, 

with .the many sawmills, has been a most important part of 

Calaveras history. 
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